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!NK RECEIVING APPARATUS AND METHOD 

TECHNICAL FIELD OF THE INVENTION 

The present invention relates generally to Inkjet apparatus, including Inkjet 
printing mechanisms, and more particularly to an improved print nozzle servicing 
mechanism. 

BACKGROUND OF THE INVENTION 

Inkjet printing mechanisms may be used in a variety of different products, 
such as plotters, facsimile machines and inkjet printers, to print images using a 
colorant, referred to generally herein as "ink". These inkjet printing mechanisms use 
inkjet cartridges, often called "pens", to shoot drops of ink onto a page or sheet of 
print media. 

Each pen has a printhead formed with very small nozzles through which the 
ink drops are fired. The particular ink ejection mechanism within the printhead may 
take on a variety of different forms known to those skilled in the art, such as those 
using piezo-electric or thermal printhead technology. For instance, two earlier 
thermal ink ejection mechanisms are shown in U. S. Patent Nos. 5,278,584 and 
4,683,481, both assigned to the present assignee, Hewlett-Packard Company. In a 
thermal system, a barrier layer containing ink channels and vaporization chambers is 
located between a nozzle orifice plate and a substrate layer. This substrate layer 
typically contains linear arrays of heater elements, such as resistors, which are 
energized to heat ink within the vaporization chambers. Upon heating, an ink droplet 
is ejected from a nozzle associated with the energized resistor. 

By selectively energizing the resistors as the printhead moves across the 
sheet, the ink is expelled in the desired locations on the print media. The nozzles are 
typically arranged in one or more linear arrays. If more than one, the two linear 
arrays are generally located side-by-side on the printhead, parallel to one another, 
and perpendicular to the scanning direction. Thus, the length of the nozzle arrays 
defines a print swath or band. That is, if all of the nozzles of one array are 
continually fired as the printhead makes one complete traverse through the 



60005174 

-2- 

printzone, a band or sv^ath of ink would appear on the sheet. The height of this band 
is known as the "swath height" of the pen, the maximum pattern of ink that can be 
laid down in a single pass. 

To print an image, (e. g., picture, chart or text) the print media is moved 
5 relative to the printhead after a swath has been printed, so that a further swath may 
be printed adjacent to the earlier swath. By a repetition of this process, a complete 
printed page may be produced in an incremental manner. 

To clean and protect each printhead in order to ensure satisfactory print 
quality, a "service station" mechanism is typically located within the printer chassis so 

10 the printhead can periodically be moved over the station for maintenance. 

Generally, such service stations include a number of elastomeric wipers, used 
to wipe the printhead surface with an ink solvent, such as a polyethylene glycol 
("PEG") compound to remove ink residue, as well as any paper dust or other debris 
that has collected on the-face of the printhead. Service stations usually include a 

15 capping system that seals and protects the printhead nozzles from contaminants and 
drying during non-printing periods, or during storage. Some caps are also designed 
to facilitate priming, such as by being connected to a pumping unit or other 
mechanism that draws a vacuum on the printhead. Additionally, service stations 
usually include one or more reservoirs, termed "spittoons" which are designed to 

20 receive and store drops of ink ejected during "spitting" operations. "Spitting" is the 
term given to the process by which a number of ink drops are fired through one or 
more nozzles of a printhead in order to unblock a nozzle that may be clogged by 
dried ink or other matter. 

In known spittoon designs two problems are known to arise. The first of these 

25 is caused by the generation of airborne aerosol droplets of ink when spitting 
operations are performed. Such aerosol droplets can cause many problems in 
printers. For example, airborne droplets may visibly stain areas of the printer with 
which they come into contact. These areas may include optical devices and sensors 
used in the printer, thus reducing their effectiveness. Additionally, however, if the 

3 0 aerosol ink of one color ink comes into contact with the pen of a different color ink, or 
indeed the servicing equipment associated with a pen of a different color ink, cross 
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contamination of the ink may arise. This may lead to a visible deterioration in the 
quality of the printed output of the printer, which may even require the replacement of 
an effected pen and its associated servicing equipment. 

The amount of aerosol ink that is generated during a spitting operation is 
5 dependent upon a variety of factors. These may include: the architecture of the 
pens; the firing frequency; the ink drop volume; the composition of the ink; and, the 
temperature. However, it is also dependent upon the design of the spittoon used 
together with the "spitting distance"; i.e. the distance that the ink drops travel 
between leaving the printhead and contacting a surface of the spittoon or liquid ink 
10 held in the spittoon. In general, there exists a desirable spitting distance, beyond 
which the greater the spitting distance the greater the amount of aerosol that will be 
generated. 

The second problemi associated with spittoon designs concerns space. With 
many printers for example, especially those intended to be located upon a desk top, 
15 it is generally desirable that their size (especially their "footprint") should be as small 
as possible. Since printer service stations are generally laterally offset from the 
printzone, their size often contributes directly to the footprint of the printer. Thus, 
there is an incentive to reduce the size of the service stations and spittoons as far as 
possible. 

20 Because of the space restrictions imposed upon the design of printer service 

stations, a trade off usually exists between the size of the printer and both the design 
of the spittoon and the spitting distance; both of which effect the amount of aerosol 
droplets generated when spitting operations are performed. 

It would therefore be desirable to provide a system for servicing ink jet pens, 

2 5 which overcomes one or more of the above problems. 

SUMMARY OF THE INVENTION 

An overall goal of the present invention is to provide a system and method for 
allowing improved servicing of inkjet printheads. 
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Another goa! of the present invention is to provide an apparatus and method, 
which allows the aerosol effect of spitting operations in Inkjet apparatus to be 
reduced to satisfactory levels. 

It is a further goal of the present invention is to provide a spittoon system for 
5 Inkjet apparatus, which does not unduly increase the space required by the printhead 
servicing apparatus in Inkjet apparatus. 

According to one aspect of the present invention there is provided an ink jet 
device comprising at least one printhead arranged to eject ink drops in a spitting 
operation and a spittoon arranged to store said ejected ink, the device further 
10 comprising a temporary spittoon arranged to move between first and second 
positions, said temporary spittoon being arranged in said first position such that said 
ink drops are ejected onto a surface of said temporary spittoon, said temporary 
spittoon being further arranged to transfer said ink to said spittoon vyhen in said 
second position. 

15 By providing a mobile spitting frame, or temporary spittoon, which acts as both 

a means of receiving ink ejected from a printhead during a spitting operation from a 
position close to the nozzle plate of the printhead, and as a means of transporting 
that ink to a permanent ink store more distant from the nozzle plate of the printhead, 
various advantages are realised. 

20 It allows the "spitting distance" to be reduced to a level where the effect of 

aerosol is reduced to an acceptable level; thus, the risk of cross contamination of ink 
supplies may be greatly reduced. 

By using a mobile spitting frame, the spitting distance may be reduced whilst 
leaving sufficient space adjacent to the nozzle plate of the printheads for other 

25 servicing activities, such as wiping and capping, to be implemented when spitting 
operations are not being performed. 

Additionally, since the ink may be transferred from the spitting frame to a 
spittoon between spitting operations, the "spitting distance" will not decrease with the 
number op spitting operations. Therefore, the aerosol effect may be optimised 

30 throughout the life of the spittoon, irrespective of how much ink the spittoon contains. 
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Furthermore, since the present invention allows optimai "spitting distances" to 
be aclnieved whilst preserving sufficient space for other servicing activities, such as 
wiping and capping, the present invention may be used in a great range of ink jet 
devices in a manner which is largely independent of the geometry limitations and 
5 spittoon requirements of those devices. Because of this, the present invention offers 
the possibility of significant savings to manufacturers of ink jet devices. 

Furthermore, by transferring ink indirectly from the spitting frame to the 
spittoon, a compact and efficient spittoon design may be used. 

The present invention also extends to the method corresponding to the 
10 apparatus. 

For a better understanding of the invention and to show how the same may be 
carried into effect, there wiil now be described by way of example only, specific 
embodiments, methods and processes according to the present invention with 
reference to the accompanying drawings in which: 

15 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a perspective view of one form of an Inkjet printing mechanism, 
here an inkjet printer, suitable for use with the present invention; 

Figure 2 is a perspective partial view of a printer service station, including a 
20 spitting frame according to a first embodiment of the invention; 

Figures 3a-c illustrate the working of the spitting frame of Figure 2 during a 
maintenance operation. 

Figure 4 illustrates the working of the spitting frame of a second embodiment 
of the invention during a m.aintenance operation. 

25 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

There will now be described by way of example only the best mode 
contemplated by the inventors for carrying out the invention. 



30 FIRST EMBODIMENT 
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FiG. 1 iliustrates an embodiment of an inkjet printing mechanism, here shown 
as an inkjet printer 20, which is suitable for use with the present invention. The 
printer 20 may be used for printing conventionai engineering and architectural 
drawings, as well as high quality poster-sized images, and the like, in an industrial, 
5 o^ice, home or other environment. A variety of inkjet printing mechanisms are 
commercially available. For instance, some of the printing mechanisms that may 
embody the present invention include desk top printers, portable printing units, 
copiers, and facsimile machines, to name a few. For convenience the concepts of 
the present invention are illustrated in the environment of an inkjet printer 20. 

10 VWiile it is apparent that the printer components may vary from model to 

model, the typical inkjet printer 20 includes a chassis 22 surrounded by a housing or 
casing enclosure 24, typically of a plastic material, together forming a print assembly 
portion 26 of the printer 20. While it is apparent that the print assembly portion 26 
may be supported by a desk or tabletop, it is preferred to support the print assembly 

1 5 portion 26 with a pair of leg assemblies 28. 

The printer 20 also has a printer controller, illustrated schematically as a 
microprocessor 30 that receives instructions from a host device, \A^ich is typically a 
computer, such as a personal computer or a computer aided drafting (CAD) 
computer system (not shown). The printer controller 30 may also operate in 

20 response to user inputs provided through a key-pad and status display portion 32, 
located on the exterior of the casing 24. A monitor coupled to the computer host may 
also be used to display visual information to an operator, such as the printer status or 
a particular program being run on the host computer. Personal and drafting 
computers, their input devices, such as a keyboard and/or a mouse device, and 

25 monitors are all well known to those skilled in the art. 

A conventional print media handling system (not shown) may be used to 
advance a continuous sheet of print media 34 from a roll through a printzone 35. 
The print media 34 may be any type of suitable sheet material, such as paper, poster 
board, fabric, transparencies, mylar, and the like, but for convenience, the illustrated 

30 embodiment is described using paper as the print medium. A carriage guide rod 36 
is mounted to the chassis 22 to define a scanning axis 38, with the guide rod 36 
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slideably supporting an inkjet carriage 40 for travel back and forth, reciprocally, 
across the printzone 35. 

A conventional carriage drive motor 41 may be used to propel the carriage 40 
in response to a control signal received from the controller 30. To provide carriage 
positional feedback information to the controller 30, a conventional metallic encoder 
strip (not shown) may be extended along the length of the printzone 35 and over the 
servicing region 42. A conventional optical encoder reader (not shown) may be 
mounted on the back surface of printhead carriage 40 to read positional information 
provided by the encoder strip; for example, as described in U. S. Patent No. 
5,276,970, also assigned to Hewlett-Packard Company, the assignee of the present 
invention. The manner of providing positional feedback information via the encoder 
strip reader, may also be accomplished in a variety of ways known to those skilled in 
the art. Upon completion of printing an image, the carriage 40 may be used to drag a 
cutting mechanism across the final trailing portion of the media to sever the image 
from the remainder of the roil 34. Moreover, the illustrated inkjet printing mechanism 
may also be used for printing images on pre-cut sheets, rather than on media 
supplied in a roil 34. 

In the printzone 35, the media sheet receives ink from an inkjet cartridge, such 
as a black ink cartridge 50, an enlarged view of which is shown in Figure 1 , and five 
monochrome color ink cartridges 52, 54 and 56. Each of the cartridges, often called 
"pens" by those in the art, is mounted on the inkjet carriage 40. In the present 
embodiment, each of the pens 50, 51 , 52, 53, 54 and 55 contains dye-based ink. 

The illustrated printer 20 uses an "off-axis" ink delivery system, having main 
stationary reservoirs (not shown) for each ink (black, cyan, magenta, yellow, light 
cyan and light magenta) located in an ink supply region 58. in this off-axis system, 
the pens 50-55 may be replenished by ink conveyed through a conventional flexible 
tubing system (not shown) from the stationary main reservoirs, so only a small ink 
supply is propelled by carriage 40 across the printzone 35, which is located "off-axis" 
from the path of printhead travel. As used herein, the term "pen" or "cartridge" may 
also refer to replaceable printhead cartridges where each pen has a reservoir that 
carries the entire ink supply as the printhead reciprocates over the pnntzone. 
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The illustrated pens 50, 51 , 52, 53, 54 and 55 each have a printhead (of which 
only printhead 60 of the pen 50 is illustrated in the figure), which selectively ejects ink 
to form an image on a sheet of media 34 in the printzone 35. These inkjet printheads 
have a large print swath, for instance about 20 to 25 millimeters (about one inch) 
5 wide or wider, although the printhead maintenance concepts described herein may 
also be applied to smaller inkjet printheads. 

The inventive concepts disclosed herein apply equally to the totally 
replaceable inkjet cartridges, as well as to the illustrated off-axis semi-permanent or 
permanent printheads, although the greatest benefits of the illustrated system may 
10 be realized in an off-axis system where extended printhead life is particularly 
desirable. 

Each printhead has an orifice plate with a plurality of nozzles formed 
therethrough in a manner well known to those skilled in the art. The nozzles of each 
printhead are typically formed in at least one, but typically two linear arrays along the 

15 orifice plate. Thus, the term "linear" as used herein may be interpreted as "nearly 
linear" or substantially linear, and may include nozzle arrangements slightly offset 
from one another, for example, in a zigzag arrangement. Each linear array is 
typically aligned in a longitudinal direction perpendicular to the scanning axis 38, with 
the length of each array determining the maximum image swath for a single pass of 

20 the printhead. In the present embodiment, the printheads are thermal inkjet 
printheads, although other types of printheads may be used, such as piezoelectric 
printheads. The thermal printheads typically include a plurality of resistors 
associated with the nozzles. Upon energizing a selected resistor, a bubble of gas is 
formed which ejects a droplet of ink from the nozzle and onto a sheet of paper in the 

25 printzone 35 under the nozzle. The printhead resistors are selectively energized in 
response to firing command control signals delivered from the controller 30 to the 
printhead carriage 40. 

The user may gain access to the servicing region 42 via an access panel 59. 
As can be seen in the figure, the access panel 59 is in its open state and the service 

3 0 station 70 of the printer 20 may be seen. 
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Referring now to Figure 2 a perspective partial view of the service station 70 
of the printer 20 is shown. The figure shows elements of the service station 70 in 
their norma!, non-active positions; i.e. the positions prior to implementing a servicing 
operation. As can be seen from the figure, the spittoon 72 is orientated such that its 
5 front and rear walls, 72d and 72b respectively, are parallel with the scanning axis 38. 

Also shown in the figure is a single pen, the biack pen 50, which is in its 
servicing position. For the sake of clarity, none of the remaining five pens 51-55 or 
the carriage 40 is shown in the figure. However, when the carriage 40 is in its 
servicing position, each of the remaining five pens are aligned with the black pen 50 

10 shown, along the scanning axis 38 and above the spittoon72. 

in the present embodiment, the spittoon 72 comprises a box shaped structure 
with four side walls 72a-d and a lower wall 72e (shown in Figures 3a-c). As can be 
seen from the figure, the top side of the spittoon 72 is open. 

A shuttle 74 is located in the spittoon 72. The shuttle supports various 

15 elements involved in servicing the pen, which are described more fully below. The 
shuttle 74 is located on an internal surface 72f of the spittoon 72. The shuttle 74 is 
arranged to move in a reciprocal manner between the front wall 72d and the rear wail 
72b of the spittoon 72, to actuate pen servicing processes, including the wiping and 
capping, in a manner know in the art. 

20 Six pen caps manufactured from an eiastomeric material are mounted on the 

upper surface of the shuttle 74. In the figure only the cap 76, which is arranged to 
cap the black pen 50, is referenced. The caps are arranged such that in operation, 
each pen may be capped simultaneously by its corresponding cap, which is sized to 
extend around the nozzles of the pen when in a capping position. Thus, during 

25 periods of non-use the nozzles in each pen may be sealed by a cap from the 
surrounding atmosphere preventing the nozzles of the pens from drying out. The 
caps may be conventional in the art, examples of which are disclosed in US Patent 
number 6203135 entitled "Independent Servicing Of Multiple Inkjet Printheads", in 
the name of Hewlett-Packard Co, which is hereby incorporated by reference in its 

30 entirety. 
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Each cap is mounted to the shuttle 74 by a mounting structure (not shown). 
The mounting structures allows each cap to be moved from a "non-capping position" 
as shown in Figure 3a when the printheads are not capped to a "capping position" as 
shown in Figure 3c when the printheads are capped. Any suitable mounting 
5 structure known in the art may be used in conjunction with present em.bodiment. For 
example, the caps may be mounted by pivoting arms to the shuttle. As the shuttle 
moves relative to the printheads, cams and cam followers located on the shuttle and 
the print carriage may cause the caps to move verticaily from the "non-capping 
position" to the "capping position" when the shuttle is brought into the correct position 

10 relative to the printheads. VA/hen the shuttle is again moved away from the 
printheads, the caps may be returned to the "non-capping position" under the 
influence of a return spring. 

Also mounted on the upper surface of the shuttle 74 are a series of flexible, 
resilient, non-abrasive, elastomeric wipers manufactured from a material such as 

15 nitrite rubber, or more preferably, ethylene polypropylene diene monomer (EPDM). 
In the present embodiment, two wipers are arranged to wipe each printhead. In the 
figure only wipers 78a and 78b, which are arranged to wipe the black pen 50, are 
referenced. However, a similar pair of wipers is arranged to simultaneously wipe 
each pen during a wiping operation. During a wiping operation, the wipers are 

20 arranged to apply a solvent such as PEG from a reservoir {not shown) to the nozzle 
plate of each printhead in order to clear the nozzle plate and dissolve any dried ink 
that might be present. However, any suitable wiping mechanism may be used in 
conjunction with the present invention. An example of a suitable wiping mechanism 
is disclosed in the Hewlett-Packard Company's U. S. Patent 5,614,930, which is 

25 hereby incorporated by reference in its entirety. 

A spitting frame 80 according to the present invention is also mounted on the 
shuttle 74. In the present embodiment, the spitting frame comprises a substantially 
planar surface 82, and two cam surfaces 84a and 84b, which extend from the 
surface 82 towards the front wall 72d of the spittoon. The spitting frame 80 is 

30 rotatably mounted on the shuttle 74 by a hinge 86. In this manner it may rotate in the 
direction of the arrow 88 against the force of a return spring (not shown), which may 
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be a standard coil spring. Thus, due to the effect of the return spring, the resting 
position of the spitting frame 80 is that shown in Figure 2 (i.e. with the surface 82 
substantially parallel to the iov/er wall 72e of the spittoon 72). 

in the present embodiment, the each of the spittoon 72, the shuttle 74 and the 
5 spitting frame are manufactured from plastics materials using a suitable 
manufacturing method, such as injection moulding. However, the skilled reader will 
appreciate that different materials and manufacturing methods may instead be used. 

In the present embodiment, the lower portion of the spittoon 72 (i.e. the 
volume of the spittoon lying below the interna! surface 72f) is filled with an ink 
10 absorber 90, as is more clearly shown in Figures3a-c. This is preferably a foam 
material, although a variety of other absorbing materials may also be used. The 
absorber 90 receives ink, which has been ejected by the printheads in spitting 
operations and holds the liquid that remains when all possible evaporation has 
occurred. 

15 Thus, as is dear from the above description, the spittoon 72 of the present 

embodiment is designed not only to receive ink that has been ejected in spitting 
operations but also to act as a structural element supporting other elements of the 
service station 70, including the shuttle 74. However, the skilled reader will 
appreciate that in practice this need not be the case. That is to say that a separate 

20 support element or elements may instead be used to support other elements of the 
service station 70. 

Referring now to Figures 3a-c, the mode of operation of the spitting frame 80 
will be described. 

Figure 3a illustrates a partial cross sectional view of the apparatus shown in 
25 Figure 2, in a direction perpendicular to the scanning axis 38. In the figure, the 
shuttle 74 is shown positioned ready for a spitting operation to be implemented. In 
this position, the surface 82 of the spitting frame 80 is located such that it 
simultaneously extends under the nozzles of each of the printheads of the printer 
carriage 40. Furthermore, the surface 82 of the spitting frame 80 is maintained 
30 horizontal under the action of the return spring (not shown). The skilled reader will 
appreciate that due to the dimensions of the spitting frame of the present 
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embodiment, all of the pens may spit simultaneously. Thus, time may be saved 
when implementing spitting operations. 

Thus, ink drops ejected from any nozzle of any of the six printheads will be 
directed towards, and will impact against the horizontai, planar surface 82 of the 
5 spitting frame 80. in the present embodiment, the preferred distance between the 
nozzle plate of each printhead and the surface 82 when it is positioned horizontally 
as shown in Figure 3a (i.e. "spitting distance") is approximately 6mm. !t has been 
determined, in the present embodiment, that this distance reduces the aerosol effect 
experienced when spitting to a satisfactory level. The skilled reader will appreciate 

10 that the preferred "spitting distance" will depend upon a number of factors 
determined by the operational set up of individual ink jet apparatus. These may 
include: the velocity of drop ejection of the printheads when spitting; the properties of 
the ink being used; and the surface finish and material properties of the surface 82. 
Thus, the optimal "spitting distance" may be determined by routine experimentation. 

15 However, it has been determined that if the "spitting distance" is reduced 

much beyond 6mm, the aerosol effect is increased when spitting frame is 
manufactured from a hard plastic material, such as is the case in the present 
embodiment, due to the ink drops splashing against the spitting frame surface. 
However, if the surface of the spitting frame is made from a softer materia! such, as 

20 foam, the spitting distance may be reduced to approximately 1mm, whilst efficiently 
reducing the aerosol effect. It has also been determined that the "spitting distance" 
may be increased to 10mm or more whilst continuing to reduce the aerosol effect in a 
beneficial, although reduced manner. 

The dimensions of the planar surface 82 of the spitting frame 80 are 

25 preferably determined such that under normal conditions, ink ejected in a spitting 
operation forms a shallow pool on the surface 82; i.e. without flowing off the surface 
82 whilst the spitting frame 80 is horizontal. The required dimensions will depend on, 
amongst other factors, the viscosity and quantity of the ejected ink and the surface 
finish and material properties of the surface 82. The dimensions of the spitting frame 

30 may be determined by routine experimentation. 
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In the present embodiment, once a spitting operation has been completed, the 
shuttle 74 is translated towards the front wall 72d of the spittoon 72. This is achieved 
in the present embodiment using a standard electric motor 92. In response to a drive 
signal received from the controller 30, the motor is arranged to drive a gear (not 
5 shown), which in turn drives a rack 94 attached to the shuttle 74. However, the 
skilled reader will appreciate that any other suitable drive mechanism may instead be 
used. 

As the shuttle is translated forwards towards the front wait 72d of the spittoon 
72, the wipers wipe, and so clean, the nozzle plates of the printheads. As the shuttle 

10 approaches its maximum travel in the forward direction, the two cam surfaces 84a 
and 84b, extending from the surface 82 of the spitting frame 80, contact the front wall 
72d of the spittoon. Due to the curvature of the cam surfaces 84a and 84b further 
movement of the shuttle 74 in the forwards direction causes the spitting frame 80 to 
rotate in the direction of arrow 88 about the hinge 86. In this manner the spitting 

15 frame rotates in the direction of the arrow 88 against the force of a return spring (not 
shown), as is shown in Figure 3b. 

Finally, as the shuttle reaches its position of maximum travel towards the front 
wail 72d of the spittoon 72, the spitting frame 80 has preferably rotated 
approximately 90 degrees as is shown in Figure 3c. In this position, the surface 82 

20 of the spitting frame 80 is approximately vertical. 

As the orientation of the spitting frame is altered from horizontal to vertical, the 
ink on the spitting frame is allowed to flow under the influence of gravity to the bottom 
of the spittoon 72. As can be seen from figures 3a-c, the internal surface 72f of the 
spittoon 72 does not extend all the way to the forward end of the spittoon 72 (i.e. 

25 adjacent to the front wall 72d of the spittoon 72). Thus, as the ink runs off the spitting 
frame 80 as it tilts, the ink runs off onto the ink absorber 90, where it is absorbed. 

The skilled reader will thus appreciate that the change in orientation of the 
spitting frame, as ink is transferred to the spittoon results in a compact design, which 
conserves space. 

30 Preferably, when the shuttle 74 has approximately reached its position of 

maximum, travel towards the front wall 72d of the spittoon 72, the surface 82 of the 
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spitting frame 80 is urged against the front wall 72d of the spittoon 72, under the 
action of the motor 94. This has the effect of displacing any ink still present from the 
surface 82 of the spitting frame 80 and causing it to run down the front wail 72d of the 
spittoon 72. in this manner, it is ensured that ink transferred from the spitting frame 
5 surface 82 to the ink absorber 90 is more efficient. 

it is also desirable that the front wall 72d of the spittoon 72a has an inner 
surface, which is made of an absorbent and compressible material {not shown), such 
as a foam material, in the region against which the spitting frame surface 82 is urged. 
In this manner, the efficiency of the ink transfer from the spitting frame 80 to the 

10 spittoon 72 may be further increased. 

As the orientation of the spitting frame is altered from horizontal to vertical, the 
caps progressively move from "non-capping positions" as shown in Figure 3a, via an 
intermediate position shown in Figure 3b to "capping positions" as shown in Figure 
3c, under the action of their mounting structures (not shown) as discussed above. 

15 Finally, the motor 92, is arranged to drive the shuttle 74 in the reverse 

direction (i.e. towards the rear wall 72a of the spittoon 72), in response to a drive 
signal received from the controller 30. Thus, the spitting frame may once again be 
located ready for a further spitting operation, as is shown in Figure 3a. 

The skilled reader will appreciate that the method for transferring ink from the 

20 spitting frame to the spittoon described in the present embodiment may be realised in 
other ways. For example, the spitting frame may move from a substantially 
horizontal position to a substantially vertical position, as it approaches the end wall 
72d of the spittoon, without being hingedly mounted to the shuttle. Instead if the 
spitting frame is manufactured from a flexible material, such as a rubber or a plastic 

25 material, which allows it to deform from a horizontal position to a vertical position 
under the camming effect of surfaces such as cams 84a and b, it may be rigidly 
mounted to the shuttle 74; for example by adhesive bonding. 

SECOND EMBODIMENT 

30 The second embodiment generally employs the same apparatus and 

generally operates in the same manner as described with reference to the first 



60005174 

-15- 

embodiment Therefore, similar apparatus and methods of operation will not be 
described further. Additionaily, similar components are illustrated and numbered in 
the same manner as is the case in the earlier embodiment. 

As has been stated above, each of the inks used by the printheads in the 
5 embodiment described above are dye based. The constraints on spittoons for 
pigment-based inks, however, differ from those for dye-based inks due to the 
diiTerences in the composition of the two types of ink. Whereas dye-based inks leave 
a liquid residue that may be stored in an ink absorbing foam, when all possible 
evaporation has occurred, this is not the case for pigment-based inks. Pigment- 

10 based inks have a higher solid content than dye-based inks, and leave a solid, tar- 
like residue when ai! possible evaporation has occurred. Therefore, ink-absorbing 
foam is not a suitable method of storing the residue of pigment-based inks ejected 
during spitting operations. 

Traditionally, spittoons for pigment-based inks are empty chambers, which fill 

15 with the pigment-based ink residue throughout the working life of the spittoon. Due 
to the lack of ink absorbing foam in spittoons for pigment-based inks, the "spitting 
distance" for pigment-based inks is generally greater than is the case for dye-based 
inks. Thus, the quantity of aerosol produced in during spitting operations is generally 
higher for pigment-based inks than for dye-based inks. Therefore, the spitting frame 

20 of the present invention is particularly beneficial for use with pigment-based ink. 

However, due to the high solid content of pigment-based inks, it is preferable 
that where the present invention is used in conjunction with pigment-based inks, the 
pigment-based ink that is collected on the spitting frame surface 82 is actively 
removed using a scraper. Referring to Figure 4, a scraper arrangement for use with 

25 pigment-based ink is scherhaticaily illustrated. 

Figure 4 illustrates a partial cross sectional view of the service station 
apparatus of the second embodiment of the invention, which corresponds to the view 
of the service station apparatus of the first embodiment shown in Figures 3c. The 
service station apparatus of the second embodiment is, like the service station 

30 apparatus of the first embodiment, suitable for use with the printer 20 described in 
the first embodiment. 
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!n this embodiment, the spitting frame 98 is fixedly mounted on the shuttle in a 
horizontal orientation. Because of this, the spittoon 72 is extended in the direction of 
travel of the shuttle to accommodate the extra length of the shuttle 74 and the spitting 
frame 98 combined, when in the "capping position", as shown In Figure 4. 
5 As can be seen from the figure, a scraper device 100 is mounted on the front 

wail 72d of the spittoon 72. The scraper is arranged to scrape the spitting frame 
surface 82 as it moves beneath the scraper 1 00 under the action of the motor 94, 
both in a forwards and a backwards direction. In this manner, the pigment-based ink 
that accumulates on the spitting frame surface 98a during spitting operations may be 

10 effectively removed. As can be seen from the figure, the pigment-based ink 1 02 falls 
through a space (not shown) between the spitting frame 98 and the shuttle 74, when 
the shuttle 74 moves in a forward direction. When the shuttle 74 moves in a 
backward direction any remaining ink on the spitting frame surface 98a falls off the 
leading edge of the spitting frame 98. 

15 In this manner, the build up of dried pigment-based ink on the spitting frame is 

avoided, which may otherwise impact against the nozzle plate of a printhead. The 
ink scraped off spitting frame surface 98a is then allowed to fall to the base 104 of 
the spittoon, where it may be stored for the working life of the spittoon, or until it is 
removed by an operator. 

20 As can be seen from Figure 4, the spittoon 72 contains no ink absorber 90, 

due to its unsuitability for use with pigment-based ink, as is discussed above. 
Furthermore, in the present embodiment, the internal surface 72f of the spittoon 72 is 
arranged to extend less far towards the front wall 72d of the spittoon than was the 
case in the first embodiment. This modification helps allow the dried pigment-based 

25 ink that was scraped off the spitting frame to distribute freely in the base 104 of the 
spittoon. 

The skilled reader will appreciate that in the present embodiment, one or 
more, or indeed all of the printheads used in the printer 20 may print with pigment- 
based ink. The skilled reader will also appreciate that only those portions of the 
30 spitting frame 98 upon which pigment-based ink is ejected require a scraper device. 
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according to the present embodiment. Thus, one or more individual scraper devices 
may be used to dean the ink ejected by a plurality of printheads. 

The skilled reader will further appreciate that various modifications may be 
made to this embodiment. For example, the spitting frame could alternatively be 
5 rotatabiy mounted on the shuttle, as was described in the first embodiment. This has 
the advantage that the spittoon length between the front wall 72d and the back wal! 
72a of the spittoon may be reduced. In this case, the scraper 100 may be mounted 
on the internal surface of the front wail 72d of the spittoon. 

Furthermore, the force exerted by the scraping device(s) on the spitting frame 
10 may be adjusted to optimise its deaning effect. This may be achieved using a spring 
system and/or other techniques known in the art. 

FURTHER EMBODIMENTS 

In the embodiments described above, numerous specific details are set forth 

15 in order to provide a thorough understanding of the present invention. It will be 
apparent however, to one skilled in the art, that the present invention may be 
practiced without limitation to these specific details, in other instances, well known 
methods and structures have not been described in detail so as not to unnecessarily 
obscure the present invention. 

20 For example, where the invention is used with a combination of dye-based 

and pigment-based ink, the skilled reader will appreciate that it may be desirable, for 
economic, or other reasons to adapt the apparatus of the first embodiment described 
above in the following manner. The spitting frame may be designed to incorporate 
one or more holes that are arranged to allow the pigment-based ink ejected during 

25 spitting operations to pass directly through the spitting frame and into the spittoon. 
The ink from the remaining dye-based pens may be collected on the spitting frame 
and transferred to the spittoon in the normal manner, in this case, although the 
aerosol effect for the pigment-based ink will not be significantly reduced, the anti- 
aerosol effect of the present invention may be realised for the dye-based ink. 

30 However, if for example, the proportion of the pens using pigment-based ink is low, 
for example one out of four or six pens, then this modification will ensure a significant 



60005174 

-18- 

reduction in aerosol effect, without incurring the extra expense of a scraper 
mechanism. 

Furthermore, in the case of dye based ink, the spitting frame could consist 
simple of a foam surface supported in a frame, which is movable between an 
optimally selected spitting position adjacent the printheads a position more distant 
from the printheads adjacent or indeed resting on the an ink absorber located in the 
spittoon. Thus, for example, the spitting frame could be located adjacent or 
immediately below the printheads during a spitting operation. After the spitting 
operation, the spitting frame couid be driven away from the printheads by an electric 
motor, preferably, translated vertically downwards until it is in contact with the ink 
absorber. !n this manner, the space adjacent the printheads is vacated by the 
spitting frame in order that wiping and capping operations may be performed. 
Simultaneously, the ink ejected during the spitting operation is able to flow gradually, 
under gravity and capillary action, through the foam materia! of the spitting frame into 
the ink absorber for permanent storage. Thus, the spitting frame does not become 
saturated with ink and is ready to receive more ink in a further spitting operation at a 
later point in time, when it is simply raised up, into place by the electric motor. This 
embodiment benefits from the advantage of not requiring the spitting frame to be 
rotated in order to facilitate the transfer of the ink from the spitting frame to the 
spittoon. The skilled reader will again appreciate that this embodiment may be used 
in conjunction with those pens of an inkjet device, which use dye-based inks, in an 
inkjet device that uses both pigment and dye-based inks. That is to say. the 
pigment-based ink ejected during spitting operations may be arranged to pass 
directly into a spittoon, as discussed above. 

Additionally, although in the above described embodiments the action of 
transferring ink collected on the spitting frame to the base of the spittoon also caused 
the printheads to be wiped and capped, the skilled reader will appreciate that this 
need not be the case in practice. For example, both the wiping and capping actions 
could be actuated using cams, reliant upon the motion of the shuttle, which may be 
disengaged when required. This may be done either manually or automatically. In 
this manner the ink may be transferred from the spitting frame to the spittoon without 
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causing either a wiping operation or a capping operation, or both, as may be 
required. 



